the similarity between the composition of the metal in the noritic melt breccias and in some iron meteorites along with the unusually large quantity of metal in the breccias suggests that the meteorites that produced the impact melts were irons, and (7) the erroneous assumption by Delano and Ringwood ll978a,bf and Wiinke et al. [978, 1979] that the meteorite component of the Apollo 16 breccias has chondritic ratios of Ni/ Co and Ni/ Ir leads to overestimation of the abundance of "indigenous" Ni in the lunar highlands.
most likely produced by impact of two related iron meteoroids that impacted near the Apollo 16 site.
The type-2 melt found in samples from station 7 is probably from the same impact as that producing the dimict breccias, although it could represent the impact of a third, related iron.
InrnonUCTIoN
Impact melt breccias (crystalline melt breccias) are the most common type of rock returned from the lunar highlands [StAffler et al., 1980] . These rocks are believed to have crystallized from melt produced during impact of meteoroids with the lunar surface during the late accretion of the moon about 3. [981] ). Because the term LKFM has several different connotations fKorotev, l987af, I will refer to melt breccias with l7 -22V0 AbOi as "noritic (impacO melt breccias" since the normative composition of such breccias overlaps the fields for norite, anorthositic norite, and olivine norite in the classification of Sthffler et al., [1980] argue that (5) the dissimilarity between the composition of the Fe-Ni metal in the noritic melt breccias and that in ordinary chondrites cannot result from reaction of chondritic metal with lunar silicates, (6) the similarity between the composition of the metal in the noritic melt breccias and in some iron meteorites along with the unusually large quantity of metal in the breccias suggests that the meteorites that produced the impact melts were irons, and (7) the erroneous assumption by Delano and Ringwood ll978a,bf and Wiinke et al. [978, 1979] Lindstrom, personal communication, 1986 primarily from the impactor that caused the melting and that their relative concentrations are not significantly different from those of the impactor. Other possibilities will be discussed later.
The discussion will concentrate initially on the samples of melt rock from dimict breccias, because these samples are almost certainly samples of the same melt and because the data set is best for these samples. The variation in siderophile element abundances will be used to imply the nature of the meteoritic component of the dimict breccias. Later, the other two types of noritic impact melt breccias will be discussed and the similarities and differences noted.
Dimict Breccia Melt
The dimict breccias found at Apollo 16 are so named because they consist of two lithologies: ferroan anorthosite and impact melt rock. The dimict breccias "were probably produced during formation of a large impact crater, by injection of VHA impact melt into anorthositic bedrock lining the walls and floor of the expanding crater cavity fSt1ffler et ol., 1979; James, l98lJ' f, James et al., 1984] [e.9., Reimold et al., 1985] .
Melt produced by a single impact usually has the average composition of that for the target materials and is relatively uniform in composition [e.9., Dence, l97l; Grieve, 1975; Floran et al., 1978] . Two recent sets of compositional data on the melt porition of dimict breccias provide an excellent opportunity to examine compositional variation within the melt and to study effects not evident in data from a single sample. These are data on five rake samples from stations 4 and 5 by McKinley et al. [1984] and six subsplits of 61015 by James et al. [984] .
For reference, Table I contains selected data for these I I samples. Schonfeld and Meyer, 1972; Fruchter et al., 1973; Duncan et ol., 1975; Korotev, 1976;  Delano and Ringwood, l978a,b; Wiinke et ol., 1978 Wiinke et ol., , 1979 Palme, 1980 Figure 2 was normalued by the procedure described in Table 2 . The normalized data are replotted in Figure   3 and the solid line is the best-fit line to that data.
The dashed line in Figure 3 
.,{ z, This model has several implications. First, it is sdmetimes assumed that extrapolation of lines such as those in Figure 2 to low Ni concerltrations will predict the meteorite-free, indigenous lunar composition [e.g., Palme, 1980; Delano and Ringwood, l978a,b) . If the meteoritic component is primarily a silicate-iron meteorite like an ordinary chondrite and if the decoupling model is applicable, then this assumption could lead to sizable errors. In Figure I Figure 3 to 120 ,at?.#5i\i-1n, -: ilF:,.*+ii:.fi: t Table   I Table 4 represent the composition of the lunar target. For example, assume that the melt phase of the dimict breccias is the product of an impact of an object like an ordinary chondrite. Then for MgO, the solid line in Figure 3 represents the line SM and the dashed line represents the line LC in Figure 4 . [1983] with 61015,100m of James et al. [1984] , both of which have the same Ni qoncentration, or 679M in Table 2 of McKinley et al. [1984] with the five dimict breccias samples also listed there.) The crystallization age of one such sample , 67747 ( Ganapathy et al. U9741 (63355) and Hertogen et al. [1977] Figure l) . Sources of data are listed in Table   5 . Sample key is the same as Figure 6. (see Table 3 ). An Ir Figure  7 ;type-2,DB:26 * 3 pelg, There are many suggestions in the literature that siderophile element ratios in lunar rocks and Fe-Ni metal in the rocks differ from the chondritic values because the rnetal was produced by reduction upon impact or because metal in the meteorites reacted with lunar silicates and extracted siderophile elements in a way that changed the ratios. Wlotzka et al. [1973] Figure l) . If the dimict breccia projectile did not contain any appreciable quantity of metal, €.9., it was a CI chondrite, then all of the observed metallic iron would have to have been produced by reductiono i.e., 25%o of the Fe and nearly all the Ni in the targetprojectile system must have been reduced. There is no evidence that impact-induced reduction is this efficient.
The Ir/Ni ratios in metal from the dimict breccia melt and type-l melt are about a factor of two less than the chondritic ratio (see discussion above and Figure 7 ). Palme [1980] (61015) and another was a sample of type-2NRC melt (67435 Table t of Htnke et al. [1979] 10. 40. 30. 40. 50 ug/g Co indigenous Figure 7) yields the results illustrated in Figure 9c, 
